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CHAPTER 1

INTRODUCTION SENSOR-BASED ROBOTICS ARM

Dr. Ashish Srivastava
Assistant Professor, Department of Mechanical Engineering,
Presidency University, Bangalore, India
Email Id-ashishsrivastava@presidencyuniversity.in

The most popular arm in the robotics world is the sensor-based arm. It has several industrial
uses, including welding, handling materials, heat spraying, and many more. This project uses
sensors to construct an arm that just follows hand movements and moves appropriately. This
sensor-based arm can be utilized in fields that need both human intelligence and machine
assistance. We can save time and effort and can complete several activities at once by getting a
bunch of robotic arms to follow the work we accomplish with our hands at one time[1]. This
robotic system is made up of a collection of mounts and other components that work together to
secure motors in position so that desired movement may be achieved.

This robotic system is made up of a collection of mounts and other components that work
together to secure motors in position so that desired movement may be achieved. This servo
motor's components are moved by a servo, which can rotate roughly up to 180 degrees. A flex
sensor is attached to the user-wearable gloves. It responds to the user's arm movement to regulate
the motion of the arm[2]. It has a wide range of industrial uses, including welding, handling
materials, thermal spraying, and many more.

The name "robot" is derived from the Czech word which is commonly translated as "indentured
servitude" and very accurately defines the bulk of robots. The majority of robots in use today are
made to do laborious, challenging tasks. They manage jobs that are challenging, risky, or
uninteresting for people. Typically, robots are the automated arm. This robotic arm is a
mechanical model arm that is often programmed. It may be a standalone robot or a component of
a larger, more complicated robot. Such a manipulator has links that are joined together by joints
that provide either rotational motion or linear displacement. In the performance, robots were
represented as tiny, man-made beings with human features.From this simple beginning, the idea
of a robot served as an inspiration for numerous writers. Isaac Asimov is the most well-known of
all the authors who have written about robots[3].

The three parts of robotics were created by him:

1. A computer may not hurt people or, by doing nothing, for harm to be done to people.
A computer must follow human-issued commands unless doing so would violate the Oth
or 1st law.

3. A robot must defend its existence, provided that doing so does not violate the rules stated
above.
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As time went on, individuals started coming up with a comprehensive description of a robot.
Currently, robots display three essential characteristics.

1. Programmability refers to the ability of a designer to mix various computational or
symbolic manipulating powers (a robot is a computer).

2. Mechanical prowess that allows it to do more than just behave in response to its
environment.

3. Mechanical prowess, allows it to do more than just analyze data or do computations;
instead, it may act on its surroundings.

4. Versatility in that it can work with a variety of programmers, alter materials, and transfer
them in different ways[4].

This type of description is quite accurate in terms of what the majority of robots across the world
do. The majority of robots in use today are made for labour-intensive, repetitive production
tasks. They are made expressly to undertake some activities that are challenging, risky, or
monotonous for people. Robots are more productive robots can perform tasks more precisely
than humans can. Regardless of how long individuals have worked, they are always so precise
while performing the same duty. Nowadays, robots play a bigger and bigger role in most global
businesses the robot arm is the most prevalent of all these factory robots[5].

Seven segments and six joints make up a standard sensor-based robot arm. Typically, a motor
driver is deployed to follow the robot arm's movements. This is understandable given that, in
contrast to DC motors, servo motors are built to move in precise increments. Such setups might
make a computer more capable of controlling or manipulating the robot with extreme precision,
repeatedly reproducing the same environment. A robotic manipulator that uses sensors and is
often programmable has features that are comparable to those of a human arm. Joint rotation is
accomplished by a servo motor. Similar to a human arm, it has roughly the same amount of
degree of freedom. Humans take things up without considering the process. A robotic arm or
robot must be programmed to choose someone who must instruct anything to move for it to do
so, starting with moving the arm, then turning the "wrist," and finally opening and shutting the
"hand" or "fingers." Thus, we have computer interfaces that allow us to control each joint[6].

The time-varying inertia, hysteresis, and other joint roughness model errors make it impossible
for standard modeling tools to obtain precise knowledge of the parameters of the PAM robot
arm's highly nonlinear systems. Using a combination of traditional techniques and robust-
adaptive control systems will provide high-tracking performance new learning methods are
necessary. With the ability to tackle issues like dynamic array complexity and statedependency,
neural networks serve as the assistance provided for modeling the complicated input-output
interactions of the numerous n DOF PAM robot arm dynamics. The online learning of
manipulator dynamics has been the subject of numerous models of neural networks and learning
methods during the past ten years.
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CHAPTER 2

MICROPROCESSOR AND LIGHT EMITTING DIODES

Sandeep G M
Assistant Professor, Department of Mechanical Engineering,
Presidency University, Bangalore, India
Email Id- sandeepgm @presidencyuniversity.in

Different Components:

A 32K 8-bit microprocessorbased just on Arduino microcontroller architecture is the Atmel
ATmega328P. At 20MHz, a large number of instructions are processed in a per clock cycle,
yielding a throughput of approximately 20 MIPS. The ATMEGA328- PU is compatible with our
28-pin AVR Control Board and is available in a PDIP 28-pin package. The computer, on the
other hand, is made to perform all general-purpose tasks on a single device, such as running
software to perform calculations, storing multimedia files, or accessing the internet through a
browser, whereas microcontrollers are only intended to perform certain tasks, such as turning the
AC off instantaneously when the room temperature falls below a certain level[1].

When the temperature in the room falls below a certain threshold, the AC automatically turns
off, and it turns back on when the temperature is above the predetermined threshold. Several
well-known microcontroller types are applied in various applications depending on their capacity
and viability to execute the specified action.

Even though 8-bit microcontrollers play a unique function in the digital electronics market that is
dominated by 16-32 & 64-bit digital devices, there have been numerous advancements in the
world of electronics and new cutting-edge technologies are being produced every day. Although
very effective microcontrollers, despite the market's availability of processing power, 8-bit
microcontrollers continue to be popular due to their simple operation, high level of popularity,
capacity to reduce a digital circuit, and lower price when compared to other options the number
of new features added to a single IC, the functions that are offered, and the desire of both
manufacturers and customers[2].

Microcontrollers nowadays are very different from what they were in the beginning, and there
are many more manufacturers now than there were ten or twenty years ago. Currently, Microchip
Atmel, and other prominent manufacturers Intel, Hitachi, Phillips, Maxim, NXP, etc. Our focus
is on the ATmega32. It is a member of the AVR series microcontroller family from Atmel[3].
Look at the features now. Atmega32 has 40 pins in total 32 (48) I/O pins, two for power, two for
oscillation (pins 12, 13), one for reset (pin 9), three for supplying the internal ADC with the
required power and reference voltage /O pins are: Analog signals may be handled by
ATmega32.

No pin may function or serve two purposes simultaneously (for instance, Port wires cannot
function as an Analog I/O pin while the Integrated ADC is engaged). The disagreement between
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the software and the circuitry must be resolved by the programmer. It is suggested that
programmers look at the precedence levels and the datasheet configuration for internal settings.
Digital I/0 pins: The ATmega32 has 32 customizable pins (4 ports x 8 pins). Timers: Three
internal timers/counters (timerQ, timer2), each with an 8-bit and a 16-bit resolution (timerl).
ADC: It has a single serial communication type ADC with a total of 8 configurable single
channels. They can also be utilized as seven differential channels (for TQFP devices) or two (for
DIP products)[4].

LED:

White, brilliant Light Emitting Diodes (LED) are now readily accessible, and they compete
fiercely with incandescent lights in lighting applications. When compared to the GOW lamp,
they are still very pricey, but they consume a lot less power and cast a reasonably well-focused
beam. A cute small reflector that tends to slightly but not significantly sharpen the beam is
included with the diode in the picture and appears to increase the overall temperature very much.
They are also more dependable than bulbs when used within their ratings. Red LEDs are
currently employed in red signalized intersections lights, truck, and car tail lights, and
automobile and automotive tail lights. As they resemble a collection of point sources, you would
be able to spot them.

When employing LEDs to create high-intensity white light, there are two main methods. One
method is to combine separate LEDs that emit the three basic colors—red, green, and blue—and
combine them all to create white light. The alternative involves converting monochromatic from
a blues or UV LED into broad-spectrum white light using a phosphor substance, much like a
fluorescent bulb does. Metameres make it feasible to seem white yet have quite distinct spectra.
LEDs are electronic components. LEDs are constructed of silicon, just like transistors and other
types of diodes[5]. The minuscule quantities of chemical impurities, such as germanium,
arsenide, indium, and nitride that are combined with silicon to create an LED are what cause it to
emit light.

The LED produces photons as just a byproduct of current flow. A metal filament is heated to a
white-hot state to create light in standard light bulbs. Compared to incandescent lights, LEDs are
far more efficient since they generate photons directly rather than using heat.LEDs were
formerly just bright sufficient to be utilized as dashboard or electronic device indicators. LEDs
may now compete with conventional lighting systems for brightness thanks to recent
advancements. In practically every application, contemporary LEDs can take the place of
incandescent lamps.

Types of LEDs:

Different sizes and forms of LEDs are created. The most popular package, accounting for 80% of
global output, is a cylindrical 5 mm container. Though not always, the shade of the acrylic lens
frequently matches the hue of the light that is emitted For instance, infrared LEDs are frequently
made of purple plastic, whereas the majority of blue gadgets have clear housings. LEDs can also
be found in incredibly small sizes, such as those on mobile phone keypads and blinkers[6]. The
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two primary categories of LEDs are small, powerful gadgets and unique designs like multi-
colour or alphanumeric ones[7].
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CHAPTER 3
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Servo Motors:

There have been servo motors for a very long time, and they are used in many different
applications. They are little in stature yet have a powerful punch and use relatively little energy.
They may be used to drive radio-controlled or remote-controlled toy vehicles, robots, and aircraft
thanks to their characteristics. Industrial applications also employ servo motors applications,
robotics, pharmaceutics, in-line manufacturing, and food services. The mechanical circuitry is
integrated into the motor and has a movable shaft that is often gear-mounted. The amount of
shaft movement is regulated by an electronic signal sent to the motor[1].

We must peek inside the servo to get how it functions completely. A little DC motor, a
voltmeter, and a circuit consists make up the setup inside. Gears link the control wheel to the
motor. The potentiometer's resistance varies as the motor turns, allowing the control circuit to
precisely impose limits on the movement's intensity and direction. Power to the motor is cut off
when its shaft has reached the required position the motor is rotated in the right direction if not.

Electrical pulses are conveyed through the signal line to the intended spot. The distance between
the motor's actual location and the anticipated position directly relates to the motor's speed. As a
result, the motor will revolve slowly if it is close to the ideal location and quickly otherwise.
Proportional control is the name for this. The motor will only operate in this case. Efficaciously
working as hard as needed to complete the task at hand[2].

Servo Controlled:

Through the control wire, a pulse with a variable width, also known as pulse width modulation
(PWM), is used to operate servos. The minimum, maximum, and repetition rates of the pulses
are all defined. A servo motor may typically rotate just 180 degrees or 90 degrees in each
direction. The servo must be at a position where it has an equal capacity for rotation in both the
clockwise and anticlockwise directions.The location of the shaft is determined by the PWM
delivered to the motor, and the spinning will turn to the appropriate position based on the length
of the pulse sent via the control wire. Every 20 milliseconds, the servo motor anticipates seeing a
pulse.

Servo motors come in two varieties: AC and DC. Industrial machinery frequently uses AC
servos because they can withstand bigger current surges. DC servos are often better suited for
smaller applications since they are not made for big current surges. In general, DC motors are
more affordable than their AC equivalents[3]. These Servo motors that have been designed
expressly for continuous rotation are also available, providing a simple means of moving your
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robot. On the output shaft, they include two ball bearings for less friction and simple access to
the rest-point adjustment adjuster.

A motor driver is a shuttered ensure safe that regulates its motion and ultimate position using
position feedback. A message indicating the output shaft's command position is the input to its
control. To provide feedback on position and speed, the motor is coupled with a position
encoder of some kind. In the most straightforward scenario, simply location is measured. The
measured output position is matched to the position of leadership, the controller's external input.
An error signal is issued if the output position deviates from the desired one, and the motor will
then spin in either direction as necessary to move the output shaft to the correct location. The
error signal decreases to zero as the places become closer[4].

The error signal decreases to zero as the locations get closer, and the motor shuts off. The most
basic servomotors rotate their motor at full speed at all times and employ position-only detection
through a potentiometer (or is stopped). Although not frequently employed in industrial motion
control, this kind of servomotor is the building block for the straightforward and inexpensive
servos used in radio-controlled models. The output shaft speed is measured by optical rotary
encoders in more advanced servomotors, and the motor speed is controlled by a variable-speed
drive. Both of these improvements enable the servomotor to be delivered to its support in
various more rapidly and accurately with less overshooting, often in conjunction with a Proposed
control algorithm[5].

In most cases, servomotors are employed as high-performance substitutes for stepper motors.
Due to their integrated output steps, steppers have some intrinsic capacity to regulate position.
Since their driving signal defines the number of rotational steps to be made, they may frequently
be employed as an accessible position control without a feedback encoder. However, for this to
work, the controller must initially "know" the location of the stepper motor. Therefore, when the
stepper motor is first powered on, the controller must spin it to a specified point, such as until an
ending limit switch is activated. When an inkjet printer is turned on, this can be seen since the
controller will shift the ink jet carriage to the left.

Regardless of its original position upon power-up, a servomotor will instantly pivot to the angle
that the controller commands. A stepper motor's performance is limited by the absence of
feedback since it can only drive loads that are significantly less than its rated capacity; otherwise,
skipped steps beneath the load may result in positioning problems, necessitating a restart or
recalibration of the system[6]. A servomotor's encoder and controller are an additional expense,
but they optimize the system's performance in terms of speed, power, and accuracy concerning
the basic motor's capabilities. Servomotors offer an advantage in bigger systems when a strong
motor represents a growing fraction of the total cost.

To determine the final locations, the controller will advance the ink jet carriage as far to the left
and right as possible. In recent years, closed-loop steppers have become more and more
common. Although they function similarly to servomotors, they differ in how their software is
controlled to provide smooth motion. A closed-loop system step motor's key advantage is that it
is reasonably inexpensive. On a closed-loop system stepper system, the Controller does not need
tuning either.
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Push Buttons:

A push-button, often known as a pushbutton or just a button, is a straightforward switch
mechanism used to regulate many functions of a machine or process. Usually constructed of
metal or plastic, buttons are made of strong materials. The surface is often flat or contoured to fit
a normal finger or hand, making it simple to push down on or shoved. The majority of the time,
buttons are skewed switches, however, even many un-biased buttons need a spring to return to
their un-pushed condition owing to their physical nature. The act of pressing a button is referred
to by several words, including press, compress, mash, and punch [1].

Push buttons can be mechanically connected in commercial and industrial settings such that
pressing one button releases the other. In this manner, a start button may be made to release by a
stop button. When doing straightforward manual tasks with a machine or there are no electrical
control circuits for processes. To prevent operators from accidentally pressing the incorrect
button, push buttons are frequently colour-coded to correspond with their purpose, where red
indicates halting a machine or activity and green indicates beginning one.

For ease of use and to make stopping a machine easier, red input devices can also have big heads
with a mushroom shape. In many areas, the electrical code requires the installation of these
pushbuttons, which are known as emergency stop buttons, and improve safety. There are also
huge mushrooms with this form in buttons designed for use by workers who cannot press a
standard flush-mounted push button while wearing gloves. A pilot light is used in commercial or
industrial applications as a help to operators and users and is frequently included to catch the
user's eye and offer feedback if the button is pressed.

Usually, a lens substitutes the push button's hard centre disc and this light is built into the
button's middle. The connections on the push button's back are not directly responsible for the
energy used to ignite the light; rather, the push button's ability to control action is. In this
manner, pressing the start button will result in when the pilot light is turned on, a secondary
contact built into the operation or process will close to turn it on, indicating that pressing the
button initiated the subsequent process or action. The term "button" in popular culture alludes to
an (often fictitious) button that a military or political leader may press [2].

The "push-button" has been used in a variety of mechanical and electrical equipment, both
domestically and commercially, including calculators, push-button phones, kitchen appliances,
and others. Push buttons can be mechanically linked together in commercial and industrial
settings such that pressing one button releases pressing the other. A stop button can "force" a
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start button to release in this manner. When a machine or process does not have any electrical
control circuitry, this form of linking is employed for straightforward manual actions. Red
pushbuttons can also have big heads, popularly known as "mushroom heads," to make them
easier to use and to help stop a machine. The electrical code requires the use of these
pushbuttons, which are referred to as emergency stop buttons, for greater safety.

Buttons with this huge mushroom shape are also available for use by workers who need to wear
protective gear while working and are unable to press a standard flush-mounted push
button octagonal-shaped button. A pilot light is frequently incorporated as assistance for users
and operators in commercial or industrial applications to catch their attention and receive
suggestions if the button is hit [3]. Usually, a lens substitutes the pushbutton's hard central disc
and this light is built into the middle of the button. The pushbutton's connections on the rear are
not directly connected to the energy that powers the light; rather, the energy comes from the
operation the pushbutton regulates.

A secondary contact built within the operations or process will shut when the button is pushed,
turning on the pilot light and indicating that the action of pressing the button initiated the
machine operation or process. Pushbuttons are frequently colour-coded to correspond with their
functions to prevent operators from accidentally pressing the wrong button [4]. Red is frequently
used to halt a machine or process, whereas green is frequently used to start one.

There are several uses for push-button switches, which are frequently used in calculators, push-
button phones, and other household and office equipment. Such switches might activate or
deactivate the gadget. As with a calculator, they might also result in a certain kind of action. The
buttons frequently have distinct colouration to assist identify their functions. This makes it less
likely that someone may accidentally press the button. For instance, red often denotes halting a
machine, but green typically denotes starting one. Actual emergency buttons are often big, red,
and have larger heads for user convenience[5].

Applications for push-button switches include:

e Reset switches are frequently quite tiny and may be swapped.

e Stopping equipment - recognizable switches are often situated on or beside industrial
equipment, and they are used to halt operation in an emergency.

e These spherical switches are frequently used in arcade games to regulate game
features[6].

Other applications for push buttons include:

e Bathroom flushes
e System for showers
e Lighting controls
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PN Junction Operation:

Now that you are aware of P- and N-type semiconductors, how they are combined to produce a
diode, and how a diode works, let's move on to talking about how a PN junction works.
However, we must first study the flow of current in the components that compose the PN
junction to fully comprehend how it operates these two components are brought together to form
the connection and what occurs first within the junction[1].

Due to the very complex quantum physics involved, understanding how a diode functions can be
challenging. However, the flow of positive charges and the flow of negative charges may be used
to understand the working of a diode at its most basic level the electrons. A p-n junction is the
correct term to use when referring to a semiconductor diode. A solar cell's functionality depends
on these p-n junctions as well. Doping is a process necessary for the diode to function
effectively. A negative or n-type area, often known as an excess of readily removed electrons,
may be created in semiconductors by doping them with certain materials. Additionally, they may
contain additives that produce an excessive number of holes that are simple to absorb[2].

When these two types of materials are combined, their differences and interactions over
extremely small ranges produce a diode. The p-n junction is formed by joining these two kinds;
as electrons from the n-type region spread and partially fill the holes in the p-type region, this
area between the two sides is known as the depletion region. As a result, positive ions remain in
the n-type zone while negative ions are produced in the p-type region. Depending on the
direction of the electric field, this responds to it differently. This process, known as skewing,
results in beneficial electronic activity depending on which direction the energy is applied.

Bias:

In an electrical circuit, a diode (PN junction) makes it easier for current to flow in one way than
the other. While reverse impedance is applying a value across a diode inside the opposite
direction, forward impedance refers to applying a voltage along a diode that facilitates easy
current passage. With reverse skewing, there is no discernible current flow despite the voltage.
Converting AC to DC is helpful. It can also be used to modify other electrical signal types[3].

Reverse Bias:

More positively charged ions would be formed in the n-type region as electrons are dislocated
toward the positive electrode of the voltage source if a voltage were applied across the diode
such that the positive terminal of the voltage source was connected to the n-type half of the diode
and the negative terminal to the p-type half. This would result in more negative ions being
created in the p-type region by "filling the holes" and more positive ions being created in the n-
type region Therefore when the total charge on either side of the junction rises in magnitude, the
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depletion zone would expand and the tension between the p-type and n-type areas would
similarly expand until the value across the diode equal and opposes the input power and cancels.

Forward Bias:

The depletion region starts to contract when the voltage is supplied across the diode in the other
way. The electrons and holes would be drawn away from the junction in a reverse-biased diode,
but in a forward-biased configuration, they would be drawn into the junction as they are attracted
to both the positive and negative terminals of the voltage source, respectively. If a high enough
voltage was provided, both the holes and the electron would cross the depletion area and arrive at
the junction, where they could continuously join to complete the circuit and enable current to
flow[4].

Current Flow in the N-Type Material:

Similar to conduction in a copper wire, conduction occurs in N-type semiconductors or crystals.
In other words, when a voltage is put across the substance, electrons will flow through the crystal
similarly to how the current world. The outer electrons in the crystal will be drawn to the
battery's positive potential. Such electrons will flow out of the crystal and into the battery's
positive terminal. An electron from the battery's negative terminal will enter the crystal as one
from the crystal exits, completing the current route. Since the negative side of the battery repels
the majority of the current carrier in the N-type material (electron), they flow through the crystal
and toward the positive end of the battery.Conduction band electrons are abundant in N-type
materials. Free electrons in an N-type crystal will migrate toward the positive terminal if a
voltage is applied across it[5]. Remember that current flows from negative to positive, therefore
if we have a battery connected to an N-type material, any free electrons will be drawn to the
positive terminal. More electrons can shift towards the source voltage because a hole is left
behind as one atom's electrons travel to the positive terminal. There will also be some movement
of the valence electrons. Electrons will pass through these newly formed holes, some of which
will travel as free electrons and others through holes. As is the case, there are more protons than
holes.

Current Flow in the P-Type Material:

It is shown how current flows via P-type material. Instead of negative electrons, positive holes
conduct in the P substance. The P material's positive terminal experiences a hole that travels to
the negative terminal. The negative terminal of the material, where fill any holes with electrons
from the external circuit proximity to this terminal Covalent bonds lose electrons at the positive
terminal, resulting in the formation of new holes. The continuous stream of holes continues to
flow toward the negative terminal during this procedure[6].

Because the covalent electrons in P-type material are migrating, this leads the holes to move
toward the negative terminal. We'll investigate this. On the following screen, there will be a
picture that will show this. In a P-type semiconductor material, the whole flow switches from a
positive to a negative direction. Electron current still flows from negative to positive in the actual
current flow. In P-type materials, the valence band is where electron flow happens. There is
electron movement in P-type materials, however, it takes place in the valence band. In N-type
materials, the conduction band is where electrons migrate. Primarily this. In N-type material,
electrons make up the bulk of carriers.
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Resistor:

Intended to oppose an electric charge by generating a voltage drop between its terminals
proportional to the current, a resistor is a two-terminal electrical component.Electrical networks
and electronic circuitry both employ resistors. They are quite prevalent in the majority of modern
devices. Practical resistors may be created using a variety of compounds, films, and resistance
wires. The impedance and the power dissipation of transistors are their two main properties.
Noise, inductance, and temperature coefficient are other properties. Critical resistance is the
quantity beyond which the highest allowable current flow is limited by power dissipation and
below which the voltage is the limit[1].

Critical resistance is defined by design and depends on the components that make up the resistors
as well as their physical characteristics. Along with integrated circuits, printed circuits and
hybrid circuits can also incorporate resistors [1]. Resistors must be technically large enough to
prevent overheating when dissipating their power, hence the size and positioning of the leads (or
terminals) are important considerations for equipment designers. A resistor is a passive
electronic device with two terminals that perform electrical resistance as a circuit
component. When a resistor's terminals are subjected to a voltage V, a current 1 will flow
through the resistor in a direct relationship to the voltage. Since a bigger value of R further
‘resists' the flow of current I according to Ohm's law, with a given voltage V, it is known as the
reciprocal of the constant of proportionality:

I=V/R

The majority of electronic equipment contains resistors, which are typical components of
electrical networks and electronic circuits. Resistance wire and a variety of compounds and
coatings can be used to create practical resistors (wire made of a high-resistivity alloy, such as
nickel-chrome). Resistors can be included in hybrid and printed circuits as well as integrated
circuits, notably in analogue devices [2].According to the particular application of the chosen
resistor, consideration of the manufacturing tolerance may be necessary when describing that
resistance in an electronic design due to the needed accuracy of the resistance. In some precise
applications, the resistance's temperature coefficient could also be of interest. Practical

Additionally, resistors are required to have a maximum power rating that is higher than the
projected amount of power they would dissipate in a given circuit. Power electronics applications
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are the major ones that are concerned by this requirement. Higher power-rated resistors are
physically bigger and can need heat sinking. Sometimes it's important to pay attention to the
resistor's rated maximum operating voltage in a high-voltage circuit.A real resistor's performance
deviates from Ohm's law due to its series inductance; this specification can be crucial in some
high-frequency situations for smaller amounts of resistance.

The noise properties of a resistor may be problematic in low-noise amplifiers or pre-amp. The
excessive noise, undesirable inductance, and the resistor's temperature coefficient are mostly
influenced by the manufacturing technology. They are often not defined separately for a certain
family of resistors made using a specific manufacturing method [3]. The size of the component
and the location of its leads (or terminals) are two further characteristics of a family of discrete
resistors that are significant in the actual fabrication of circuits incorporating them.

Capacitor:

A pair of wires separated by a dielectric make up a passive electrical component known as a
capacitor or condenser. An electric field is present in the dielectric when there is a voltage
potential difference between the conductors. Between the plates, this field generates a
mechanical force and stores energy. The result is highest between conductors that are broad, flat,
parallel, and closely spaced.

The capacitance, which is expressed in farads, is the only constant value that defines an ideal
capacitor. This is the proportion of the potential difference between the two conductors to the
electric charge on each conductor. In reality, a tiny amount of leakage current is passed through
the dielectric between the plates. The dielectric has an electric field strength limit as a result of
the corresponding series resistance introduced by the conductors and leads[4].

The characteristics of the capacitors in a circuit can affect a variety of crucial factors, including
the frequency response and input impedance of a resonant circuit, reduced power, and frequency
inside a digitized logic circuit, and power capacity in a high-power system, among many others.
A capacitor is a device storing electric charge (formerly known as a condenser). Practical
capacitors come in a broad variety of shapes, but they all include at least two conductors that are
separated by a non-conductor [5]. For instance, electrical system components called capacitors
are made of metal decks separated by an insulating film layer. In electronic circuits, capacitors
are frequently used to block direct current while allowing alternate current to pass, in filter
networks, for softening the output of the power supply, and in the circuits that tune radios.

Creates mechanical power between the conductors and stores energy in the dielectric.
Capacitance, which is measured in farads, is a single constant value that defines an ideal
capacitor. This is the proportion of potential difference to electrical charges on each conductor.

Capacitor conductors are sometimes referred to as "plates," which refers to an early method of
fabrication because the capacitance is highest when there is a tiny spacing between large regions
of the conductor. In reality, the conductors and leads bring an unwanted inductance and
resistance while the dielectric between the plates passes a tiny amount of leakage current and
also has an electric field strength limit, resulting in a breakdown voltage[6].
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A single button on the dashboard may simply activate a built-in jack in a car. Depending on how
much weight the automobile is carrying, the jack will be fitted on each of the four sides of the
chassis. According to the breakdown, the jacks operate independently for either end of the
automobile Condition. The automobile is raised, and the load is divided between the jack and the
tires other than the one that is being raised. A maximum of four jacks can be employed at once to
elevate the vehicle in the event of a breakdown or to recondition it. All older folks, but notably
women (ladies), who find it very challenging to operate the jack physically in any break
situation, will find this jack to be of great service[1].

Mechanical or hydraulic jacks might be employed, keeping in mind the practical simulations and
construction. Based on the ball bearing idea for sustaining a load and converting rotational
motion into linear motion for transferring the load through geared and a screw. The tool could be
effective, dependable, and simple to use. Although it may be used to build bridges, the railroad
sector uses it most frequently since it can raise cars and locomotives.Mechanical or hydraulic
jacks can be employed while keeping practical simulation and construction in mind. Based on
the ball bearing idea, which converted rotational motion into linear motion for transferring the
load by using a screw and gearing. The tool might be dependable, effective, and simple to use.
Although it is possible to raise vehicles and locomotives, the railroad industry uses it most
frequently when building bridges[2].

A single power button located on the dash board may simply activate an automatic built-in
hydraulic jack. In accordance with the weight distribution of the automobile, the jack will be
mounted on both sides of the chassis. It will be placed similarly on the opposite side of the
vehicle. According to the state of the breakdown, the jacks operate independently on either side
of the automobile. The automobile is raised, and the weight is divided over three points the
hydraulic cylinder's plunger or ram, and all the tires save the one that is being raised[3].

Jack

A jack is a mechanical handling tool used to raise big objects or exert powerful forces. A
mechanical jack uses a screw thread to raise large pieces of machinery. Hydraulic power is used
by a hydraulic jack. The most popular type elevates automobiles so that maintenance may be
done and goes by the names of a car jack, floor jack, or garage jack. Jacks typically have a
maximum lifting capability rating (for example, 1.5 tonnes or 3 tons). Industrial jacks have load
ratings that can reach numerous tonnes.A mechanical jack elevates large machinery and
automobiles so that maintenance work may be done below. Typically, car jacks employ
mechanical advantage to enable a human to elevate a car with only manual force. Hydraulic
power is used by stronger jacks to raise objects farther. Typically, mechanical jacks are rated for
their highest lifting capability[4].
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Automatic inbuilt hydraulic jack

A single start button located on the dash board may simply activate an automatic built-in
hydraulic jack. In accordance with the weight distribution of the automobile, the jack will be
mounted on both sides of the chassis. It will be placed similarly on the opposite side of the
vehicle. According to the state of the breakdown, the jacks operate independently on either side
of the automobile. The automobile is raised, and the weight is divided over three points the
hydraulic cylinder's plunger or ram, and all the tires save the one that is being raised.

When lifting the car for maintenance or in the event of a breakdown, a total of two jacks (both
front and rear) may be utilized[5]. All older folks, but notably women (ladies), who find it very
challenging to operate the crane physically in any breakdown situation, will find this jack to be
of great service. A jack is a practical item with one specific application for raising anything from
a car to a house. The likelihood of using a jack at least once or twice in your lifetime increases
significantly if you've worked in the automotive sector. However, there is a lot of
misunderstanding regarding how some jacks function, why they function, and when to use them.
For instance, a floor jack can be excellent for raising a car, but a bottle jack is required for lifting
a semi-truck.

Scissor Jack

The simplest type, the scissor jack, is a standard feature on many tiny cars. It uses a screw
mechanism rather than hydraulic pressure. One of the common varieties of automobile jacks, it is
compact and portable and can fit in a small place. Traditionally, when lifting your vehicle, there
is a designated space where this will fit.

Floor Jack

The most basic sort of jack is the scissor jack, which is a standard feature on many smaller cars.
It utilises a screw mechanism as opposed to hydraulic pressure. It is one of the most common
types of automobile jacks and is lightweight and portable, allowing it to fit in a small space.
When lifting your vehicle, there is typically a designated space where this will fit.

Bottle Jack

The bottle jack is another hydraulic jack that is frequently used in the automotive industry. Its
sole drawback is that because to its size and shape, it doesn't really fit low profile automobiles
well. It can be equipped with a pump handle and/or an air compressor attachment. These can lift
anywhere from 4 to 50 tonnes, depending on the model[6].

Pneumatic Jack

The pneumatic jack, often referred to as a telescopic jack, is most frequently used in the heavy
machinery maintenance sector to raise buses, trucks, and construction vehicles. They are not
advised for use with smaller automobiles.

Hi-lift Jack

If enjoy off-road driving, you may have once or twice seen a hi-lift jack. These are used to hoist
a vehicle out of the mud or when a wench is required. They are also known as farm jacks. These
have a 7,000 Ib weight capacity and can raise a car five feet off the ground.
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Strand Jack

These are used to hoist a vehicle out of the mud or when a wench is required. They are also
known as farm jacks. These have a 7,000 Ib weight capacity and can raise a car five feet off the
ground.

Trolley Jack

The trolley jack, another popular jack for automotive maintenance, has a braking system, can roll
over dirt and gravel, and can lift up to 4 tonnes. It is one of the safer and simpler jacks to operate
in many situations.
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Lifting jacks are used to raise cars, level or place large machinery, and support buildings. They
are often powered by hydraulic, mechanical, electric, or manual processes and employ screw- or
cylinder-based actuators. Either a saddle or a shoe is regarded as the lifting component. A saddle
is a plate that is constructed to lift in several locations, unlike a shoe, which is often specifically
created to fit a lifting point[1].

A typical industrial item, lifting jacks are used often in automobile applications. The most typical
use is to raise an automobile using the factory-installed lifting jack in order to replace a tyre.
Some other usage are:

e Lifting and levelling steel girders on vertical columns or their footings.
¢ Putting heavy equipment in the proper place in a machine shop or industrial plant.
® Placing and lifting bulky metal stock or other materials.

There are several situations when large things need to be elevated utilizing a mechanical screw,
inclined plane, hydraulic system, or pneumatic system. Here, a little force applied over a long
distance lifts a strong force over a short distance.

Types of Lifting Jacks

Bottle jacks, floor jacks, ratchet jacks, scissor jacks, screw jacks, transmission jacks, and various
lifting jacks are only a few of the numerous varieties available[2].

Bottle Jacks

These straightforward hydraulic lever jacks work by having a high pressure, small-diameter
piston, or the master, pump fluid into a chamber of a larger, larger-diameter piston, or the slave
cylinder. On the base, they are mounted side by side. Typically, a straightforward lever that
frequently serves as the wrench for the release valve is used to raise and lower the master. They
feature a cast iron base that is rectangular with a basic circular saddle on top. Despite having
numerous additional applications because to their simplicity and compact size, they are mostly
utilised for cars. The primary drawback of these pumps is that they must be used standing up, not
on their side, in order for the pumping motion to function properly[3].

House Jacks

As implied by the name, house jacks are extremely powerful jacks that are used to elevate or
support entire houses or massive timbers. They frequently use the screw or bottle jack lifting
technique and can be equipped with thrust bearings or without.
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Inflatable Jacks

These air-powered jacks are powered by the compressed air system in the shop. They benefit
from having a very low minimum height requirement and a large lifting capability. Being more
prone to air leakage means that a safety device must be built in to stop sudden, undesired
lowering caused by bag failure[4].

Ratchet Jacks

The ratchet and pawl mechanism, which moves a rotary gear up or down a linear track, is used
by ratchet jacks. The ratchet pawls prevent the gear from sliding back down while the jack is
under stress and breaking. Older American automobiles used ratchet-style bumper jacks as the
standard. However, they are hefty and not particularly safe. For those reasons, scissor jacks have
taken their place as the default equipment on the majority of automobiles. They continue to be
employed in industry to carry lightweight objects[5].

Scissor Jacks

These are straightforward jacks with four connected vertical arms. There is a female threaded
piece between each of the two sets of vertical arms, through which the jack's screw is threaded.
The operational screw is turned to raise or lower the jack. Due to their small size, they are
typically found as a tyre change equipment in a car trunk. The universal aftermarket versions of
scissor jacks often use a generic saddle instead of the shoe that mates to a lifting point in the
vehicle's frame that is provided by automotive manufacturers.

Screw Jacks

This type of jack is quite popular and straightforward. The fundamental screw thread is used as a
mechanical advantage to change the rotational motion of the wrench or lever into a linear motion
that moves the top of the jack. The pitch of the screw has a direct impact on the mechanical
advantage. The floor pads of the majority of refrigerators and free-standing stoves are
straightforward screw jacks. Using an easy open end wrench, the operator may quickly level the
apparatus. Screw jacks in more complex forms are used in machine shops to level out large
machine tools.

Service or Floor Jacks

These are the workhorses of the automotive repair industry, renowned and coveted for their
reliability, durability, use, and capacity. Similar to bottle jacks in operation, they are placed on 4
or 6 wheeled carriages with fixed cast wheels up front and swivel castors in the back. They have
a sizable circular saddle that is easily replaceable with saddles and shoes of various sizes or that
are made to order. You may pull and move the jack around with the pump lever as well. By
turning the handle, the lever also operates the release valve. Floor jacks can safely jack up a low
automobile because of their low beginning clearance[6].

Transmission Jack

These specialised jacks may be used to elevate and lower a car's gearbox from the ground up.
They resemble floor jacks but feature a big cradle to hold the transmission securely and a
mechanism to tilt the cradle so it matches the angle of the engine it will be mated to. In order to
secure the transmission to the engine, the mechanic may now elevate the transmission into
position.
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Wheel and Shop Bumper Jacks

By supporting the wheels or pressing up on the front of the frame, these substantial roll-around
floor jacks can lift an entire car up from the front or the back. They have a big vertical gantry
that holds the piston and a floor carriage. Since a built-in lift is too expensive in tiny repair
businesses, they are frequently hydraulically propelled. The majority of manual jacks are what are
known as "hand pumps." By using the handle to pump the hydraulic shaft full of air, you may
raise the jack by pushing out the rod assembly. The majority of home floor or bottle jacks need
additional pumps to lift the vehicle. The NASCAR jacks, on the other hand, are calibrated to
raise the full side of the car in one to two pumps.

Bibliography

[1]  J. E. Taylor, A. Beith, and S. C. Sereno, “LexOPS: An R package and user interface for
the controlled generation of word stimuli,” Behav. Res. Methods, 2020, doi:
10.3758/513428-020-01389-1.

[2] I Sunit Rout, “Design and Fabrication of motorized automated Object lifting jack,” IOSR
J. Eng., 2014, doi: 10.9790/3021-04550612.

[3] C.J. Vickram and D. M. Kumar, “Design and Fabrication of a Vechicle with Inbuilt
Pneumatic Jack,” Int. J. Pure Appl. Math., 2018.

[4] W.Zhang, T. Wang, D. Zhang, Y. Zhang, P. Xu, and X. Duan, “A mechanical analysis of
support instability risk along the strike of coalface in thick coal seam with large dip angle:
A case study,” Earth Sci. Res. J., 2021, doi: 10.15446/esrj.v25n1.74167.

[5]  A.Mishra, B. Arora, and P. Malarvezhi, “Design of self writing smart pen using optical
character recognition and miniaturised projector,” J. Adv. Res. Dyn. Control Syst., 2018.

[6] W.Zhang, W. Zhang, D. Zhang, D. Qi, and Z. He, “A Mechanical Analysis of Support
Instability Risk along the Strike of Coalface in Thick Coal Seam with Large Dip Angle: A
Case Study,” Earth Sci. Res. J., vol. 25, no. 1, pp. 101-108, Apr. 2021, doi:
10.15446/esrj.v25n1.74167.



Electro-Mechanical Systems and Components

CHAPTER 9

JACKING SYSTEM

Wasim Akram
Assistant Professor, Department of Mechanical Engineering,
Presidency University, Bangalore, India
Email Id-wasim.akram @presidencyuniversity.in

In a screw jack system, many screw jacks are actuated simultaneously to provide a linear
movement. The term "jacking system" is also frequently used to describe the screw jack system
configuration. One of their main advantages is the capacity to mechanically connect many screw
jacks together so that they move in unison.One of their main advantages is the capacity to
mechanically connect many screw jacks together so that they move in unison. Screw jacks, bevel
gearboxes, motors, reduction gearboxes, driving shafts, couplings, and plummer blocks are
examples of common systems [1]. Jacking systems have two primary characteristics:

e They enable the movement of heavy weights propelled by a single engine, such as the
400 Te load that could be moved by four ME18100 screw jacks organized in a screw jack
system (4000kN).

e Support loads uniformly across a huge surface area, such as a 20Te load over a 24m?2
area using four screw jacks spaced 6m apart on center.

Each driven component in jacking systems is mechanically connected to the others. However,
there are other systems that are electronically linked. These systems use a closed feedback loop
and electronic control system to independently motorize and synchronise the screw jacks.
Additionally, this may be developed so that several mechanically connected jacking systems are
electronically synchronised or controlled, enabling the provision of massively scalable linear
motion solutions[2].In the offshore drilling and construction sectors, Jacking systems are
frequently utilised in jackup boats for oil drilling and offshore wind turbine installation and
maintenance. The jacking mechanism must meet varied specifications depending on the kind of
vessel. Pin-and-yoke and rack-and-pinion jacking systems are the two primary varieties. Rack-
and-pinion systems are favoured for use in deep-water applications and high-speed operations.
Rack-and-pinion jacking systems are driven by jacking packages from ABB[3].

Hydraulic jack

Heavyweights are raised mechanically using hydraulic jacks. They are referred to as a type of
hydraulic car jack since they are frequently employed in the automotive industry to lift
automobiles off the ground. Jacks often have a maximum lifting capacity rating, such as 1.5
tonnes or 3 tonnes. Industrial jacks have load ratings that can reach numerous tonnes.With the
use of Pascal's law, hydraulic jack force may be estimated. Two pistons are located inside the
cylinder used by hydraulic jacks to raise the heavy object. There is a connection between the
larger and smaller cylinders. The fluid is propelled up by the huge piston by the little piston. Two
ball valves serve as a check valve, permitting flow and stopping it while the pump is running[4].
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Applications of hydraulic jacks

Jacks are used to raise and move big loads, release vertical stresses from weight-bearing
elements to provide room for repairs, and perform other tasks across a variety of industries.
Equipment of this nature, such as hydraulic jacks, is also utilised in the construction,
shipbuilding, automobile repair, and other specialised sectors. The uses for hydraulic jacks as
well as other types of jacks are listed below[5].

Aircraft \Automotive \Bridges

tensioning cables

Moving a house

Construction

General-purpose Laboratory Locomotive for Industry
Marine

Home on wheels Railroad

Shipbuilding

For example, shoring and stabilizing in tunnels and mines
Trailers and tractors

Components of hydraulic jacks

Since it is often used, a typical manually operated hydraulic jack will be used to show and
explain the parts of hydraulic jacks. The main parts of hydraulic jacks are listed below.

Reservoir or buffer tank

A reservoir is a man-made lake used to store water. The majority of reservoirs are created by
building dams across rivers. A natural lake whose outflow has been dammed to regulate the
water level can likewise be converted into a reservoir.

Pump with piston or plunger

The high-pressure seal is what distinguishes plunger pumps from piston pumps. In a piston
pump, the seal is joined to the piston and moves back and forth with it. As a result, compared to
plunger pumps, piston pump seals degrade more quickly and can't withstand as much pressure. It
is a component that is mechanically actuated by raising and lowering the pump handle or lever.
Pump lever, also known as the handle, is used to exert pressure on the hydraulic fluid, which is
then transferred via a check valve and into the main cylinder[6].

The main cylinder

It is another name for the hydraulic ram, which, when driven higher, expands out of the
hydraulic jack body due to the pressure of the hydraulic fluid, producing the necessary lifting
force and raising the load.

Release valve

It is a component that aids in pressure release, allowing the ram to retract and the load to be
decreased.

Types of hydraulic jacks

The hydraulic jacks can be categorized into various categories
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Bottle jacks:

Bottle jacks, often referred to as hand jacks, sprang to prominence in the early 1900s when the
car industry took off. They are lightweight and very useful for lifting cars for on-the-spot
maintenance or inspection. Because of its milk bottle-like look, it is given the term bottle jack.
Despite their wide diversity in size, bottle jacks of today are capable of lifting loads ranging from
100 pounds to several tones.
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Floor jacks are operated horizontally as opposed to vertically like bottle jack shafts. The lifting
pad is raised vertically by the shaft pushing on a crank that is connected to it. There are two sizes
of these hydraulic jacks, which have a wider vertical lift range than bottle jacks. The typical size
weighs around 200 pounds, is roughly four feet long, and a foot broad. They are capable of
lifting 4-10 tonnes. Later, a smaller variant that can lift 11-12 tonnes and measures just three
feet long was created.Mini-jacks exist, however they are not acknowledged as common varieties
of a floor jack. It should be noted that hydraulic jacks can be operated manually with air
(compressed), electricity, or gas[1].

Toe lift hydraulic jacks

Hydraulic jacks with a toe lift are a specific kind used to raise machines and other loads with
little space between the ground and the bottom surface of the load. Because the load has a low
ground clearance, the bottle jack or floor jack cannot be used in certain circumstances[2].

Leveling jacks

Leveling jacks are used to level and, in certain cases, stabilise the RV on bigger rigs. They are
equipped to raise the RV off the ground. When your RV is already level, stabilising jacks are
employed to keep it there. Walking inside your RV won't cause it to wobble or swing thanks to
stabilising jacks.

Scissor jacks

Compact jacks known as scissor jacks utilise a mechanical screw. A set of scissoring arms that
extend or retract depending on where the screw mechanism is located are raised and lowered as a
result of the screw rotation.

Screw _jacks

Mechanical jacks called screw jacks raise and lower the weight using a vertical screw
mechanism. Some employ a level inserted through a hole in the jack, while others are level-
adjustable using a wrench. This enables exploiting an additional mechanical advantage while
lifting a load while spinning a screw[3].

Ratchet jacks

To raise or lift a weight, these jack types employ a pawl and ratchet mechanism. Ratchet jacks
were once the typical kind of jack that automakers supplied with their automobiles for owners to
use while changing flat tyres[4].
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Working principle of hydraulic jack

Considerations for choosing the hydraulic jack fluid include things like viscosity, thermal
stability, filterability, hydrolytic stability, and more. If the right hydraulic fluid is chosen, it will
operate smoothly, provide optimal performance, and function as its own lubricant. Two
cylinders—one tiny and one large that are linked to one another through pipes make up the
hydraulic jack design. Hydraulic fluids are used to partially fill both cylinders. A tiny amount of
pressure applied to the smaller cylinder will equally affect the bigger cylinder due to the
incompressible fluid. Now a force multiplier effect will be felt by the bigger cylinder[5].

There will be a force multiplier effect on the bigger cylinder. Every spot on both cylinders will
experience the same force. But because force is directly related to surface area, the larger
cylinder will create more force. A hydraulic jack will also include a pumping system that forces
fluid into a cylinder through a one-way valve in addition to cylinders. This valve will stop
hydraulic fluid from the cylinder from flowing backward.

The two types of hydraulic jacks are bottle jacks and floor jacks. Bottle jacks or whisky jacks are
terms used to describe hydraulic jacks with a cylindrical body and neck that resemble bottles.
The vertical shaft-supported bearing pad is in charge of balancing the weight of the lifting item.
Bottle jacks are employed for brief verticle lifts as well as foundation maintenance on cars and
houses. A wider variety of vertical lifts may be offered with floor jacks. So the mining business
frequently uses these jacks. In contrast to a bottle jack, a lifting pad is raised vertically by the
horizontal shaft pushing on a crank that is attached to it[6].

Advantages of hydraulic jacks

Most designs take up less room.

Because of corrosion in the screw thread, less prone to jam.
Quite powerful with big weights.

Utilization is simpler.

Lifting loads requires little effort.

Compared to screw jacks, it is lighter.

Disadvantages

Despite the hydraulic jacks' many benefits, there are also some drawbacks. The drawbacks of
hydraulic jacks in their many uses are listed below.

It moves along at a slow pace.

Prone to malfunction if oil seals are worn out.

Due to the excessive usage of heating oil, the gadget may release an unpleasant stench.
Overheating can happen suddenly.

Hydraulic oil leaks have the potential to pollute both land and water.

Hydraulic drive

A drive or transmission system known as a hydraulic drive system employs pressurized
hydraulic fluid to power hydraulic machines. In contrast to the kinetic energy of the flow, the
word "hydrostatic" describes the transfer of energy from flow and pressure. In a hydraulic
driving system, there are three components: The motor (such as a hydraulic motor or hydraulic
cylinder) to drive the machinery; the generator (such as a hydraulic pump), driven by an electric
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motor, a combustion engine, or a windmill; valves, filters, pipelines, etc. (to guide and regulate
the system)[7].

Heavyweights are raised mechanically using hydraulic jacks. They are referred to as a type of
hydraulic car jack since they are frequently employed in the automotive industry to lift
automobiles off the ground.Greater force can be applied by hydraulic systems compared to
mechanical, electrical, or pneumatic systems, which can move bigger weights. Due to its fluid
power system, it can handle a wide variety of weights without the use of gears, pulleys, or
cumbersome leavers.
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The foundation of hydraulic driving systems is Pascal's law. The force that the fluid exerts on its
surroundings is consequently equal to pressure area since the pressure in the system is constant.
Thus, a little piston experiences a small force, whereas a huge piston experiences a high
force.The same logic holds true when using a hydraulic motor with a big swept volume to
produce a large torque and a hydraulic pump with a small swept volume that requests a modest
torque. In this manner, a transmission with a certain ratio may be constructed[1].Hydraulic
cylinders are a common component in hydraulic drive systems. A tiny torque may be converted
into a high force in this instance, applying the same approach.

The fluid between the generator and motor parts can be throttled, or the transmission ratio can be
simply altered by employing hydraulic pumps andmotors with variable swept volumes. The
efficiency of the transmission is constrained in the event that throttling is applied. However, the
efficiency is quite high when variable pumps and motors are employed. In actuality, alternative
adjustable drive systems didn't really pose much of a threat to a hydraulic drive system until
approximately 1980.Electric drive systems that use electric servo-motors may readily compete
with rotating hydraulic drive systems in terms of controllability. In reality, hydraulic cylinders
have no rivals for linear forces. If such a system is available, using it for the rotational drives of
the cooling systems is simple and reasonable. Hydraulic systems will continue to be of
importance for these cylinders[2].

Hydraulic press

A hydraulic is a device (see machine press) that produces compressive force utilising a hydraulic
cylinder. It was also called a Bramah press in honour of its English creator, Joseph Bramah, as it
employs hydraulics as the counterpart of a mechanical lever. This press was his creation, for
which he received a patent in 1795. As Bramah (who is also credited with inventing the flush
toilet) built toilets, he read up on fluid motion in the literature and used what he learned to create
the press[3].

Hydraulic cylinder

Mechanical actuators used to provide a linear force during a linear stroke are hydraulic cylinders,
often known as linear hydraulic motors. With just a basic hydraulic system, hydraulic cylinders
can provide pushing and pulling forces of millions of metric tonnes. Presses employ very basic
hydraulic cylinders; in this case, the cylinder is a volume in a piece of iron with a plunger put in
it and a cover sealing it. The plunger is forced out with a force equal to the plunger-area pressure
by pumping hydraulic fluid into the volume.A piston rod, a cylinder head, and a body with end
covers are features of more advanced cylinders. For instance, the bottom is attached to a single
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clevis on one side, while the piston rod is likewise planned to have a single clevis on the other
side. Hydraulic connections are often present on both sides of the cylinder shell, specifically on
the cylinder head side and the bottom side[4].

Oil that was between the piston and the cylinder head is pushed back to the oil tank if oil is
pumped beneath the piston, which also forces the piston rod out.Telescopic cylinders can be
employed if the cylinder's retracted length prevents them from being incorporated into the
building. Telescopic cylinders may be readily accessible for straightforward pushing
applications, but they must be carefully constructed and are quite expensive for larger forces or
double acting cylinders. Plunger cylinders can also be employed if hydraulic cylinders are only
used for pushing and another method is used to pull the piston rod back in.If there is a lunger
cylinder at all, it does not have a sealing over the piston. As a result, just one oil connection is
required. The plunger's diameter is often larger than that of a typical piston cylinder, but a
hydraulic motor would almost always leak oil. There is no need for a mechanical brake since a
hydraulic cylinder has no leakage over the piston or the cylinder head sealing[5].

Hydraulic motor

The rotating equivalent of the hydraulic cylinder is the hydraulic motor. A hydraulic motor and
hydraulic pump should theoretically be equivalent because they serve the same purpose.
However, because they cannot be backdriven, the majority of hydraulic pumps cannot be
employed as hydraulic motors. A hydraulic motor is typically built to withstand operating
pressure on all of its sides. A reversing valve's ability to cause a motor to reverse is another
distinction.Fluid flow rate is the equivalent of current in an electrical system, whereas pressure in
a hydraulic system is like voltage. The flow rate and pressure are determined by the size, speed,
and load of the pump, respectively.

Hydraulic Valve

The appropriate flow of a liquid medium, often oil, through your hydraulic system is controlled
by a hydraulic valve. The location of a spool determines the direction of the oil flow. The only
way a hydraulic system can operate properly is through valves. As a result, you should
constantly search for the right kind of hydraulic valve to fulfil your requirements. The maximum
hydraulic system flow via the valve and the maximum system pressure define the necessary
size.Hydraulic valves may be found in a wide range of sizes and are compliant with several
international standards. There are many alternative mounting options for hydraulic valves,
including flanged mounting, subplate installation, mounting in pipe lines, and mounting with a
threaded connection for cartridge valves. Directional control valves, pressure control valves, and
flow control valves are the three basic subcategories of hydraulic valves. Different hydraulic
system functions are controlled by each valve.

Directional Control Valves

A pressure medium's flow can be started, stopped, or changed direction using directional control
valves (i.e. hydraulic oil). Hydraulic poppet valves and spool valves.One of the most basic
components of hydraulic and pneumatic systems are directional control valves (DCVs). DCVs
enable the flow of fluid (hydraulic oil, water, steam, air, etc.) from one or more sources into
distinct pathways. A spool inside of a cylinder that is manually or electronically operated often
makes up a DCV. The spool's location influences the fluid flow since it either restricts or permits
flow.
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Flow control valve

Actuators and positioners are frequently included in control valve installations. Although
quarter-turn types like (modified) ball and butterfly valves are also utilised for control reasons,
pneumatically-actuated globe valves and diaphragm valves are frequently used. Control valves
and hydraulic actuators can cooperate (also known as hydraulic pilots). Automatic control valves
are another name for these kinds of valves. When there are variations in flow or pressure, the
hydraulic actuators respond by opening or closing the valve. Automatic control valves may be
opened and closed by the fluid pressure alone and do not need an additional power source[6].
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The valves allow the system pressure to be adjusted in order to change the torque on a hydraulic
motor shaft or the force on a hydraulic piston rod. The maximum pressure in the circuit is
adjusted using pressure relief valves, which also guard against overloading. Pressure reduction
valves guard against overloading while permanently maintaining the output pressure at the
desired value. Unloading valves are made for cost-effective pressure management in circuits
powered by accumulators that also act as a backup power source for emergency
control[ 1].Almost all pneumatic and hydraulic systems have pressure-control valves. They assist
with a number of tasks, including as maintaining a certain pressure level in a specific area of a
circuit or keeping system pressures below a particular limit. Relief, decreasing, sequence,
counterbalance, safety, and unloading pressure control valves are among the several varieties.
With the exception of reducing valves, which are normally open, all of them are typically closed
valves. The majority of these valves require a restriction to achieve the appropriate pressure
control. The externally piloted unloading valve is one exception, as it requires an external signal
to be activated, which is often provided by a digital pressure regulator[2].

Pressure Relief Valves

The majority of hydraulic and pneumatic power systems are made to work within a specific
pressure range. This range depends on the forces that the system's actuators must produce in
order to carry out the necessary job. The pricey machinery and power components might be
harmed if these forces are not controlled. Relief valves enable the avoidance of this risk. They
are the safety measures that reduce the system's maximum pressure by directing more gases
when the pressure becomes too high. Cracking pressure is the pressure at which a relief valve
initially opens to enable fluid to pass through. The valve is under full-flow pressure while it is
bypassing its full rated flow.This pressure override is acceptable in specific circumstances. A
drawback might result if gas is lost via the valve before the maximum setting, wasting power. As
a result, the maximum system pressure may be more than what the other components are rated
for [3].

Sequencing Valves

It is probably required to move the actuators in a specific order or sequence in circuits that
feature more than one actuator. This can be accomplished using limit switches, timers, or other
digital control devices using sequencing valves. Sequencing valves are generally closed two-way
valves that control the order in which certain circuit operations will take place. They are similar
to direct-acting relief valves, but unlike relief valves, their spring chambers are often emptied
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externally rather than internally to the outlet port. Pressurized gas and liquids can only flow to a
secondary function through a sequencing valve after a first purpose has been finished and
fulfilled.Cylinders can be sized in accordance with the load they must move in order to provide
the necessary sequencing. First, the cylinder that needs the least force to move extends. The
second cylinder expands after its stroke is complete due to an increase in system pressure. Space
restrictions and force requirements will often dictate the cylinder size in applications. In certain
circumstances, the cylinders are actuated in the proper sequence using sequencing valves. Check
valves, which allow for reverse flow from the secondary to the primary circuit, can occasionally
be found on sequence valves[4].

Pressure-Reducing Valves

Pressure-reducing valves are the most useful parts for maintaining reduced pressure in a
pneumatic system. Typically open two-way valves, pressure-reducing valves close when exposed
to enough downstream pressure. Direct acting and pilot driven pressure-reducing valves are
subcategories. Pressure-reducing valves known as direct-acting valves set a maximum pressure
limit for the secondary circuit regardless of changes in the main circuit's pressure. This is
presuming that there is no backflow from the work load into the port of the reducing valve, in
which case the valve will close.The secondary circuit generates the signal used to detect
pressure[S]. Due to the fact that relief valves are generally closed and detect incoming pressure,
they work in reverse. A tiny amount of gas spills from the low-pressure side of the valve when
outlet pressure reaches the valve setting, often through an orifice in the spool. Otherwise, the
valve closes when outlet pressure reaches the valve setting. A pilot-operated pressure-reducing
valve's spool is hydraulically balanced at both ends by downstream pressure.

The pilot valve releases just enough gas to move the spool and set the main valve's flow rate to
match the demands of the reduced-pressure circuit. The primary valve closes if no flow is
required throughout the cycle. High-pressure gas leaks into the valve's lower-pressure part before
returning to the reservoir via the pilot-operated relief valve. Compared to direct-acting valves,
this type of valve often has a greater range of spring adjustment and offers superior repeated
precision. Oil pollution, however, can stop the flow to the pilot valve in hydraulic applications,
preventing the main valve from closing correctly[6].

Counterbalance Valves

These valves are frequently employed to maintain a predetermined pressure in a section of a
circuit, generally to counterbalance a weight, and are typically closed. The type of valve is
perfect for counteracting an external force or a weight, such as in a press, to prevent it from
dropping freely. The valve's secondary port is attached to the directional control valve, while its
primary port is connected to the rod end of a cylinder. The pressure is adjusted a little bit higher
than what is necessary to prevent the weight from falling to the ground. The cylinder stretches,
increasing pressure in the rod end and shifting the main spool in the valve when pressured fluid
flows to the cap end of the cylinder.The inbuilt check valve opens when the load is lifted,
allowing the cylinder to retract freely. The counterbalance valve can be remotely manipulated if
it's essential to reduce cylinder back pressure and enhance force at the bottom of the stroke. The
valve must open as the cylinder extends, and its secondary port must be attached to the reservoir.
The check valve skips the valve spool, thus it doesn't matter if load pressure is sensed in the
drain tube when the cylinder retracts.
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Fluid pressure control valves shield the system from overpressure situations that may arise owing
to either slow accumulation from a reduction in fluid or abrupt surge from valve opening or
closing. Pressure control devices are crucial in any hydraulic circuit because pressure surges may
be swift and unexpected and can grow by as much as four times the usual system pressure.The
pressure relief valve returns the fluid to the tank to continually maintain the required system
pressure in the hydraulic circuit when the hydraulic pressure is unable to take any flow for
system safety reasons. It offers defence against any overloads that the hydraulic system's
actuators may encounter.
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